INTRODUCTION
way, i.e., from brainstem towards higher auditory center in the brain. Thus, [(C)APD] is demonstrated by, but not limited to, deficiencies in sound localization and auditory performance in background noise. 7 Binaural hearing, on the other hand, is the ability to listen with two ears. Thus, to perform in background noise, both binaural hearing and central auditory pathway must function normally.
Schizophrenia, with regards to the deficits in cortical GABAergic system, is also associated with deficits in cognitive functions such as in attention and working memory. 8 In fact, previous studies have found that the presence of competing noise would affect the patients' attention towards important signals. 9, 10 Therefore, auditory processing investigations using sentences are debatable. In order to avoid the limitations, previous studies have applied basic component of speech such as non-meaningful vowel-consonants as stimuli. [11] [12] [13] In spite of minimizing the limitations, it does not reflect our daily verbal conversation activities. Thus, it is more rationale to assess their auditory performance in a simulated conversational environment, i.e listening to sentences in noise. This would minimize the floor and ceiling effects. 14 In support, a study suggested that patients with schizophrenia were able to utilize content or voice prime to assist their attention to targeted signals such as speech, even in background noise. 15 The study was conducted using nonsense sentences, i.e., a syntactically correct but semantically not meaningful, to patients with schizophrenia in quiet and background noise. An investigation of speech perception ability using narrative texts embedded in phonetic noise has also been documented. 16 In addition, a study by Ross et al. 17 also suggested that schizophrenia patients demonstrated no deficits in recognizing monosyllabic words in background noise. Another study using Speech-in-Babble Perception test, 18 however, revealed that patients with first-episode psychosis do have difficulties when listening to targeted signals embedded in noise. 19 Hence, these reflect that the use of words or sentences in noise should be encouraged when assessing the auditory processing of schizophrenia patients. The current study, despite the presence of other hearing in noise test such as Listening in spatialized noise (LISN) 20 and speech in noise (SIN) 21 test, utilized the Malay version of hearing in noise test (HINT) to evaluate the binaural auditory processing in patients with schizophrenia. The reason for using HINT test is because it has been validated into Malay version. As all the selected subjects are familiar with Malay language, therefore, the current study has elected the test as the assessment tool for binaural hearing assessment.
HINT is a validated subjective assessment tool developed to assess an individual' s binaural hearing on their speech intelligibility in competing background noise. 22 The tool, which has been validated in other foreign languages, 14, [23] [24] [25] including Malay, 26 uses syntactically correct and semantically meaningful list of sentences. The materials, consisted of three to five word per sentence, have simple lexical and grammatical characteristics which allow listeners' with cognitive and linguistic limitations to take the test. 22 Relatively, this provides less workload as compared to when using un-meaningful sentences. The test has been applied on various clinical populations such as in children with learning disabilities and cochlear implant users. 27, 28 It measures, by adaptively varying the signal to noise ratio (SNR), the reception thresholds for speech (RTSs) both in quiet and three noise conditions. 29 The test allows both sentences and noise to be delivered by either loudspeakers or headphones. The use of headphones, which are pre-calibrated to simulate the presentation via loudspeakers, is more preferable as it eliminates the acoustic effect of the environments such as acoustic reverberation. 22 Spatial release from masking (SRM) refers to a condition when noise, initially co-located with speech signals, is separated from the signals. If the target speech and noise is coming directly from the same direction (e.g., 0-degree azimuth) an individual need a high level of target signal speech to achieve an appropriate signal to noise ratio. On the other hand, when both target speech signal and noise is separated from different direction, there is a release of masking at the amount of 12 dB. This resulting to a better listening condition as compared to both signal and noise coming from the same direction. It provides more realistic speech intelligibility performance in noise. 22 A positive SRM value indicates improved speech performance in noise. 29 Individuals with intact central auditory processing should show larger SRM value which suggest binaural hearing advantage. 30 Separating noise from targeted speech signals creates spatial cues, i.e., inter-aural time difference (ITD) and inter-aural level difference (ILD). The cues play important roles when listening and localizing targeted signals in background noise. 29 Humans' auditory system, from brain stem towards auditory cortex, is sensitive to these cues. Maturity at medial and lateral superior olivary complexes (MSO and LSO) is believed to be the primary stages for binaural unmasking, spatial release from masking and auditory stream segregation. 31 In addition, inferior colliculus (IC) located in the brain stem is also crucial in binaural and spatial hearing. 32 The neurons at these locations are sensitive to the phase differences and therefore would be able to improve the SNR following the SRM. 33, 34 Litovsky et al., 32 argued that, leaving SRM unaffected, unilateral pathology at brain stem level would affect listening performance in noise. The finding suggested that, as part of auditory inputs would bypass IC, SRM should remain unimpaired on either unilateral or contra lateral hemisphere. The only aspects of speech intelligibility in various SNR reported among patients with schizophrenia have been associated with their speech recognition or perception ability. 15 SRM, in addition to adaptive SNR, is related to speech intelligibility due to the relocation of noise source relative to speech signal. In another population of mental disorders, such as attention deficit hyperactivity disorder (ADHD), found impaired focus and failure to suppress relevant signals 35 and irrelevant distractions respectively. 36 Study by Mishra et al., 37 among ADHD children revealed that auditory training by manipulating SNR would improve ADHD symptoms. Hence, as patients with schizophrenia were also associated with attention deficits in noise, further research on SRM among schizophrenic patients are warranted. At this point, no studies have reported the findings of SRM on patients with schizophrenia. Hence, assessments on listening ability in noise and SRM could contribute valuable information to the current knowledge of their auditory processing ability.
METHODS

Participants
The present case-control study is part of the work which has been published earlier. 38 A total of 37 right handed participants, i.e 16 schizophrenia patients as cases and 21 healthy controls, were randomly selected. Written consent was obtained from the patients prior to audiological assessments. Ethical approval was obtained from Universiti Kebangsaan Malaysia Medical Centre (UKMMC) ethics committee. The inclusion criteria for both cases and controls include normal hearing and demonstrate good intelligibility in Malay spoken language. As for cases, additional inclusion criteria include being clinically stable with Brief Psychotic Rating Scales (BPRS) less than 31, 39 and able to fully cooperate during assessments. Cases with extra pyramidal symptoms, neurological disorders and severe psychotic conditions were excluded. The schizophrenic patients which consist of 10 males and 6 females, aged between 19-44 years old were recruited from psychiatry clinic Universiti Kebangsaan Malaysia Medical Centre (UKMMC). The healthy controls, aged between 22-36 years old, consist of 12 males and 9 females. The diagnosis of schizophrenia and the severity of auditory hallucination were determined by the psychiatrists involved in the study, following the DSM-IV criteria and the validated Malay version of Psychotic Symptom Rating Scales (MyPSYRATS) respectively. The MyPSYRATS had shown good internal consistency (r=0.85) and inter-rater agreement (ICC= 0.877). 26 All patients at the time of assessments were on atypical antipsychotics.
Audiological procedures
All subjects underwent audiological procedures in an 18' × 12' , 40±2 dBA measured ambient noise level, sound proof room. The procedures consisted ofotoscopic examination, pure tone audiometry, tympanometry, acoustic reflexes, transient otoacoustic emissions and hearing in noise test. Pure tone air conduction thresholds,measured at octave frequency between 250 Hz and 8000 Hz, were obtained separately for right and left ears by using a Grason-Stadler GSI-61 clinical audiometer plugged with TDH-50P headphones. The purpose of conducting pure tone audiometry was to measure the hearing level and hence determine the hearing status of the subjects. All subjects gave full cooperation and demonstrated good testretest reliability. Normal hearing was defined as thresholds at 20 dB HL or better across all the frequencies tested.
A Grason-Stadler GSI Tympstar middle ear analyzer was used to assess the middle ear function. Initially, a 226 Hz probe tone tympanometry with pump speed at 200 daPa/sec and air pressure from +200 to -400 daPa were performed. A normal Type A tympanogram was characterized as a sharp amplitude peak centered in between ±50 daPa. Later, with initial intensity at 75 dB HL, ipsilateral and contralateral acoustic reflex thresholds were determined by ascending the intensity level in 5-dB steps. The thresholds for acoustic reflexes at 500, 1000 Hz, and 2000 Hz were defined as the lowest level needed to elicit at least a 0.02 mmhos deflection in middle ear admittance. The presence of type A tympanogram and normal level of acoustic reflexes (≤95 dB HL) defines normal middle ear function.
An irregular TEOAE finding among schizophrenic patients have been reported where the amplitude of right is higher than the left ear. 40 The current study, in order to justify if any abnormalities that might exist in the experiment are not contributed by TEOAE amplitude irregularities, have incorporated TEO-AE with the standard audiological tests mentioned earlier. An Otodynamics analyzer (Otodynamics, Echoport ILO 288) and ILOV6 software package, which generate test stimuli and record TEOAE responses respectively, were used to test the outer hair cells (OHCs) cochlear function. A non-linear click stimulus at 80 dBpe SPL was separately delivered into both ears to determine the functionality of cochlear OHCs. The TEO-AE recordings were terminated at 260 sweeps and accepted when the TEOAE responses and stimulus stability was at least 60% and 80% respectively. Robust emissions with at least 3 dB above noise floor suggest healthy OHCs cochlear function.
All subjects, who demonstrated fluent speaking skills in Malay language, underwent the Malay version of HINT. The test is the main tool for research purposes, i.e., to examine the subjects' binaural hearing performance. The test was conducted by a tester who is a native Malay speaker. Prior to the test, without using the headphones, each participant was screened by repeating five randomly selected HINT sentences delivered in normal conversation mode. Each sentence consists of three to five, i.e., six to nine syllables words. Participants who were able to repeat all the sentences correctly were then proceed for the actual test. Each subject was tested with 4 20-sentence lists randomly selected from a total of 12 lists of HINT. In actual test, conducted initially in quiet condition, all subjects were listening to the sentences under headphones. Subsequently, in all three noise conditions, a 65 dBA speech spectrum masking noise was delivered simultaneously with the sentences. The three noise conditions include noise front (i.e., sentences and stimuli were collocated at 0 degree azimuth in front of the listener); noise right (i.e., noise was separated at +90 degree from the sentences) and noise left (i.e., noise was separated at -90 degree from the sentences). Only one list was randomly presented in each condition. The HINT adaptive procedure initially applied 4 dB steps for adjusting the presentation level of the first 4 sentences. Later, 2 dB steps were used where the RTS was estimated by averaging the presentation level of the remaining sentences. The adaptive procedure was repeated for each HINT condition. Responses were considered correct if the listener could repeat all the words presented in the sentence without changing the meaning of original sentences. 41 For instance, adding prefix or suffix in a word without changing the meaning of the sentence is considered as a correct response. On the other hand, SRM was computed by finding the difference between RTS in front and side. The right and left SRM is computed as (RTSfrontRTSright) and (RTSfront-RTSleft) respectively.
Data analysis
The continuous dependent variables, i.e., RTS and SRM, were measured in both healthy controls and schizophrenic patients. The RTS values were obtained in 4 listening conditions, i.e., in quiet, noise front, noise right and noise left, whilst RTS in noise composite was automatically calculated by the HINT software. Subsequently, the SRM for each ear was determined by calculating the dB SN difference between RTS noise front relative to RTS noise right and RTS noise left respectively. All data were analyzed using the General Linear Model multivariate analysis in IBM SPSS Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY, USA). Table 1 shows the demographic data, mean scores of MyPSYR-ATS and BPRS in male and female patients with schizophrenia.
RESULTS
In general, with regards to binaural hearing performance, Wilk's Lambda revealed a statistically significant different between the diagnostic groups [F (1,35)=3.241, p=0.018]. Specifically, the mean of MyHINT scores in four listening conditions, including noise composite and SRM, between the groups were analyzed with one-way MANOVA (Table 2 ). Statistically significant different (p<0.05) was found in quiet, noise right and noise composite with each condition shows a large effect size (d>0.8). In noise front condition, the p value was at a brisk of significance (p=0.076), with the effect size ranged from medium to large effect (d=0.61). Table 3 compares the data obtained in the current study with the 95% confidence interval (CI) of Malay version HINT in all listening conditions from normal local populations. 41 The normative data on SRM were however not available. The comparison, in each condition, reveals the percentage of subjects whom data are not within the normative range. 1) None of healthy controls and 31.3% schizophrenic patients fail in quiet, 2) 4.8% healthy controls and 25.0% schizophrenic patients fail in noise front, 3) 23.8% healthy controls and 56.3% schizophrenic patients fail in noise right, 4) 19.0% healthy controls and 31.3% schizophrenic patients fail in noise left, and 5) 4.8% healthy controls and 50.0% schizophrenic patients fail in noise composite.
DISCUSSION
The aim of the current study is to investigate the binaural and spatial hearing abilities among schizophrenia patients presented with normal peripheral hearing by using literally, semantically and syntactically correct Malay sentences. To the best of our knowledge, this is the first study that documented such findings.
The first issue that worth discussing is whether sentences- 42 and attention 43 have been documented in schizophrenia patients. Nevertheless, findings on these deficits have been variable. 43, 44 Carter et al. 43 for instance, argued that attention deficits among schizophrenia patients were more likely due to transient rather than sustained attention. As the current task requires sustained attention, issues regarding the feasibility of the task could be ignored. The current study, as revealed by the patients' mild psychotic condition, 39 suggest that they are able to cooperate during the assessments. This is supported by their ability to respond appropriately to questions during interview sessions. In addition, during pre-test session, the patients were able to repeat correctly all five HINT sentences presented to them. This suggests that the patients able to proceed with the actual tasks. Hence, depending on the severity of psychosis, we believe that sentences should be encouraged when assessing auditory function in schizophrenia patients. This is consistent with a study done by Lee et al. 45 that found schizophrenia patients without auditory hallucination demonstrate relatively similar ability with healthy controls when listening to narrative text in low noise conditions. In addition, schizophrenia patients have more impairment in comprehending non-literal compared to literal sentences. 46 Therefore, as sentences in HINT are syntactically and semantically correct, the test is appropriate for the recruited subjects.
The present findings are consistent with a case-study reported by Litovsky et al. 32 who conducted audiological assessments on an adult male having small hemorrhage on the right midbrain including the right IC. Despite showing normal peripheral and spatial hearing, the patient presented with decreased wave V auditory brainstem (ABR) amplitude following stimulation of the left ear. The patient also complained of experiencing hearing difficulties in background noise. The study suggested that lesion at the brain stem level, in particular IC, contributed to the deficits in binaural hearing and sound localization. In contrast, normal ability in spatial hearing presented by the patient was due to the intact cortical function. Consistently, the present study found that schizophrenia patients required significantly higher mean RTS and performed equally in spatial hearing when compared to healthy controls. In other words, to perform normally in spatial hearing, the patients require louder intensity level. We argued that the problem faced by schizophrenia patients during binaural hearing tasks, specifically hearing in noise, could be contributed by abnormal auditory processing at brainstem level. Our argument is also supported by previous studies on possible brainstem dysfunction in patients with schizophrenia. [47] [48] [49] [50] In addition, based on anatomical and physiological evidences, the involvement of brain stem could be contributed by the widely-reported GABAergic deficiency in patients with schizophrenia. 51, 52 The superior olivary complex (SOC) is consisted with two types of nuclei, i.e., lateral superior olive (LSO) and medial superior olive (MSO). These nuclei, anatomically located at lower brain stem, are positioned on the right and left sides within the brain stem. LSO receives mainly excitatory and inhibitory inputs from ipsilateral and contralateral ventral cochlear nucleus (VCN) respectively. MSO, on the other hand, receives excitatory and inhibitory inputs from both ipsilateral and contralateral VCN. Both LSO and MSO are controlled by 53 We speculate that, due to the GABAergic deficiency in schizophrenia patients, the balance in the synaptic strength is disturbed which eventually affect the binaural hearing performance in general. Specifically, this includes binaural hearing in quiet, in noise and sound localization.
In quiet listening condition, where sentences were delivered to both ears simultaneously, the concept of binaural summation applies. Binaural summation, i.e., the combination of equally presented auditory stimulation from both ears, occurs initially at the level of SOC. 54 One of the advantages in binaural summation is to improve signal detection. It has been reported that, depending on locations and types of background noise, binaural advantage would improve signal detection between 2 and 7 dB. 55 The binaural advantage in normal hearing young age adults has been also proven in an electrophysiological study. 56 Hence, in contrast to monaural listening, binaural advantage allows the perception of auditory signals at softer level. In other words, a person with binaural advantage requires softer incoming signals when listening with two ears. Interestingly, relative to healthy controls, our findings revealed significantly higher mean RTS in patients with schizophrenia. This reflects that in order to perform equally, the schizophrenic patients required louder input signals relative to healthy controls. This infers that binaural summation, specifically binaural advantage, is significantly affected in the patients. Therefore, we speculate that the GABAergicbrain stem deficits in the clinical group might explain the lack of binaural advantage observed in the patients. The present study proves that, as found by other researchers, 15, 45 schizophrenic patients do encounter speech in noise deficits. The added value of the present study reveals that the deficits also affect sentences as well. In noise front condition, having a reasonable value of effect size might also indicate that there is a considerable difference between the study groups, even though the p value is insignificant. Effect size is more reliable in statistical decision as it less affected by sample size compared to p value. 57 Herein, by considering the effect size value, we concluded that the noise front results between normal and schizophrenia patients were also different. The noise front results obtained in the current study could also agree with Iliadou et al. 19 whom found patients with early episode of psychosis performed poorer than the healthy controls in majority of central auditory processing tests.
The current study supports, the theory of laterality in schizophrenia patients as revealed by significantly higher mean RTS value in noise-right condition 32 and better responses when left ear is stimulated by targeted signals. 19 There are two possibilities that worth discussing. First, LSO and MSO are dominant in processing the information of ILD and ITD respectively. These acoustic cues are important especially in sound localization. In a condition where speech and noise are segregated, for instance in noise right condition, the ILD and ITD of sentences heard on the sentences-dominated-ear will be significantly louder and faster respectively. In other words, the conditions created a sound-localization like task. In healthy controls, the efficiency of GABAB receptors in modulating the balance in excitatory and inhibitory neurons at brain stem might assist in better sound localization performance especially in background noise. However, due to deficits in GABAergic system in patients with schizophrenia, the imbalance of excitatory and inhibitory could eventually lead to difficulty in sound localization. This was evidenced by the significantly higher mean RTS during noise right condition demonstrated by the schizophrenia patients. Interestingly, our findings revealed that abnormal laterality effect was only observed in noise right instead of noise left condition. Therefore, consistent with Litovsky et al. 32 we also argue that abnormal laterality in signal processing in schizophrenia patients could begin at least at brainstem level.
Our second argument on abnormal laterality is related to the hemispheres of the brain. When sentences and noise were delivered to the left and right ear respectively, once beyond the SOC, they dominantly travel via its corresponding contralateral afferent auditory pathway towards auditory cortices. 54 In other words, during noise right condition, speech information and noise travel dominantly via the right and left afferent auditory pathway respectively. Once at the cortical level, rapid and slow speech information is separately processed in the left and right hemispheres respectively. Slow speech information from the right hemisphere was then transferred via corpus collosum towards the left hemisphere for further auditory-related speech processing. Meanwhile, noise that dominantly travelled via the left afferent auditory pathway eventually dominates the left hemisphere. Thus, when the left hemisphere was interrupted by noise, schizophrenia patients demonstrated significantly higher RTS value than healthy controls. The finding supports the deficits of the left hemisphere in schizophrenia. In contrast, when the right hemisphere was dominated by noise during noise left condition, both groups showed no significant difference. This strengthens the presence of abnormal laterality function, especially the left hemisphere, in patients with schizophrenia. This is consistent with previous findings on higher right ear contralateral otoacoustic suppression among schizophrenia patients which suggest abnormal left hemisphere. 38 However, despite significantly higher mean RTS in noise among patients, the non-significant difference in SRM values between the groups lead us to clinical evidences that worth to be argued.
Litovsky et al. 32 stated that a reduced unilateral IC function, leaving the spatial hearing unaffected, might disrupt speech intelligibility in noise. As such, they concluded that cortical is more crucial than subcortical regions in mediating spatial hearing abilities. As the current findings are consistent with the mentioned case study, we believe that auditory processing deficits in schizophrenia might even begin at low-level sensory processing. Thus, future studies should focus on combining HINT and objective tests, such as magnetic resonance imaging (MRI), to pinpoint the site of lesions. For instance, studies on healthy controls have shown that the right hemisphere of the brain was more dominant when processing speech signals in noise. 58, 59 Perhaps, by replicating the tests, this could help explain the normal ability of spatial hearing experienced by the schizophrenia patients in the current study. Furthermore, since speech perception deficits in noise is due to impaired binaural hearing, other aspects of binaural hearing (i.e., localization, speech in reverberation, precedence effect, binaural summation) need to be further investigated and documented in these patients.
To the best of our knowledge, this study is the first to unveil the impairment of spatial release from masking in patients with schizophrenia. We acknowledge, as part of limitations, the modest number of sample size collected in the current study. However, based on power and sample size calculations, the power of the current study was up to 0.91. This suggest that an adequate number of sample size have been recruited in the current study. Hence, despite some limitations as in the modest sample size, the result of the study may still contribute to the current understanding of binaural hearing in pa-tients with schizophrenia. In a way, the present study implied that referral to other professionals such as audiologist for binaural hearing training may also be useful. Studies have shown that binaural hearing training is effective in improving speech in noise abilities among patients with asymmetric hearing loss. 60 In addition, to minimize problem in noise during communication, specific listening tactics can also be applied. For instance, if listening to conversation is problematic when noise is from the left, repositioning the affected ear away from noise is advisable. In addition, listening devices such as FM system could also be recommended.
The benefit of using CIs in reporting clinical findings have been increasingly accepted by researchers. 61 A 95% CIs means, if the measure were repeated 100 times, the true value would fall within the interval range 95 times. The current study, despite revealing the statistically small mean group differences, shows clinically meaningful difference in patients with schizophrenia ( Table 3 ). The larger percentage of schizophrenic patients whom HINT in quiet and noise conditions are higher than normative range objectively suggests that schizophrenic patients do have hearing difficulties during binaural listening especially in background noise. In other words, the findings might suggest the existence of auditory processing disorders in patients with schizophrenia. Therefore, the recommendations in providing auditory training rehabilitation among schizophrenic populations is justified.
The current study, in relation to existing neurological theories, supports the evidences on auditory processing deficits among patients with schizophrenia. Difficulties listening in background noise with intact performance in SRM may suggest that the deficits could originate from the brainstem level. Future studies, best aided by imaging technologies, may further help investigate the area of speech processing in noise among patients with schizophrenia.
